virescens occurred only on 'IR8.'
THE GREEN LEAFHOPPER,
Nephotettix virescens, is a major pest of rice throughout South and Southeast Asia. It feeds on the leaf portion of the plant by removing plant sap, but populations seldom reach levels causing economic damage through plant sap removal. However, N. virescens causes economic losses through the transmission of tungro virus which stunts plant growth and prevents panicle development (Palomar and Ling 1966) . Reducing populations of the vector to low levels to control tungro is costly and difficult to achieve with the commonly used methods of insecticide applications; foliar sprays and broadcasting of granules (Heinrichs 1979) . As a result there has been a major emphasis on the breeding of N. virescens resistant cultivars.
Screening of 47,944 rice cultivars from the IRRI germplasm collection has identified 1,196 cultivars with N. virescens resistance (Heinrichs et al. 1984) and several have been used as donor sources in the breeding program. Resistant cultivars have successfully controlled N. virescens and subsequently tungro virus in tropical Asia since the release of 'IR8' in 1966.
Seven genes imparting N. virescens resistance have been identified in rice (Athwal and Pathak 1972 , Siwi and Khush 1977 , Karim and Pathak 1982 . Reaction of the cultivars with the different genes to N. virescens has been shown to vary between countries in Asia indicating evidence of different insect biotypes as based on feeding behavior (Karim and Pathak 1979) . Although several different N. virescens resistant cultivars have been grown in the Philippines for 18 years, there has been no clear evidence that biotype selection has occurred (Rapusas and Heinrichs 1982) . Greenhouse selection studies, however, have shown that in 10 generations N. virescens populations can be selected which are able to destroy a previously resistant cultivar (E. A. Heinrichs and H. R. Rapusas, unpublished data) . Because resistance to the vector is often correlated with resistance to tungro virus (Heinrichs and Rapusas 1983) , biotype selection in farm fields could lead to severe tungro virus epidemics, such as that which occurred in the Philippines in 1970 to 1971. This study was conducted to determine the fitness of artificially selected N. virescens biotypes as measured by feeding and development and their ability to transmit tungro virus on cultivars with different levels of resistance to N. virescens.
Materials and Methods N. virescens populations were collected from 15 different locations in the Philippines and were reared separately in the greenhouse for two generations on 30-to 40-day-old potted plants of 'Taichung Native l' ('TNI '), a susceptible cultivar. In the third generation, the reaction of each colony was tested on cultivars with identified genes for resistance, 'Pankhari 203' (elh 1 gene), 'ASD 7' (elh 2), 'IR8' (elh 3), 'Ptb 8' (elh 4), 'ASD 8' (elh 5), 'TAPL #796' (elh 6), and 'Moddai Karuppan' (elh 7), using plant damage in seed box screening, nymphal survival, and population growth as parameters.
Colonies with high virulence as indicated by plant damage in the seedbox screening test and colonies able to survive and develop a high population on a given test cultivar were selected and maintained as a separate colony on the cultivar upon which they were most virulent. No colonies could survive on either 'ASD 7' or 'ASD 8. ' The selected colonies were then reared on their respective host cultivars ('Pankhari 203,' 'IR8,' 'Ptb 8,' Rearing was done by allowing 3-to 5-day-old adults of every generation to oviposit on 30-to 40-day-old potted 'TNl' plants. The newly emerged nymphs were then transferred to 30-day-old potted plants of the resistant cultivar, where they become adults. When adults were 3 to 5 days old they were again transferred to 'TN1' plants for oviposition and the newly emerged nymphs again placed on the resistant cultivar. Insects reared on susceptible 'TN1' were used as checks.
When the insects were in their 19th generation on the resistant cultivar their reaction to the cultivar on which they were reared was determined. Reactions of the 19th generation colonies were compared with those of the 'TNl' reared colony on the resistant cultivar (0 generation) and the 'TN1' reared colony on susceptible 'TN1.' Tests were conducted to determine survival, length of nymphal period, growth index, feeding activity, and tungro virus infection.
To determine the development of N. virescens on the resistant cultivars 'Pankhari 203,' 'IR8,' 'Ptb 8,' 'T APL #796,' and 'Moddai Karuppan,' and susceptible 'TN1,' 7-day-old plants were transplanted in clay pots (20 cm diam) at two plants per pot and pots placed in a metal tray with water in a greenhouse. Each treatment (cultivar) was replicated six times with one pot serving as a replicate. Ten days after transplanting, the plants in each pot were covered with a cylindrical mylar film cage. Thirteen days after transplanting (20 days after sowing), 20 first instar N. virescens nymphs were placed in each cage. Emerging adults were counted daily and percent survival from the first instar nymph to the adult stage was computed as:
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The mean developmental period from first instar to adult emergence was determined. The growth index was computed as:
In the test to determine feeding activity and tungro virus infection plants were transplanted into clay pots (12 em diam) at one plant per pot. Each treatment was replicated 20 times, with five pots serving as a replication. Pots were arranged in a randomized complete block design in a metal tray with water in a greenhouse.
At 20 days after sowing (DAS) a honeydew collection chamber, as described by Paguia et al. (1980) , was placed on each plant. One pair (male/ female) of adult hoppers having previously fed on a tungro virus infected 'TN l' plant were placed in the honeydew collection chamber. Honeydew excreted by the hoppers was collected on bromocresol green treated filter papers (Pathak and Heinrichs 1982) . After a 22-h feeding period the feeding chambers were removed and the plants placed in a water tray in the greenhouse for later observations on tungro virus infection.
The amount of honeydew excreted was determined by measuring the area of the spots produced by the reaction between the honeydew and bromocresol green in the filter papers. Blue spots indicated a basic reaction and feeding in the phloem cells (Auclair et al. 1982) which provide high amounts of carbohydrates and amino acids. Orange spots indicated feeding in the xylem which contains sap with practically no nutritive value.
Results and Discussion
Survival. Survival of the 'TNI' colony (0 generation) was Iowan 'Pankhari 203' (2%) and moderate to high (54 to 80%) on the other cultivars (Fig. 1) . Survival of the 'TNl' colony on 'TN1' (check) was 88%. With 19 generations of selection survival increased on all of the resistant cultivars. Survival on 'Pankhari 203' increased most drastically from 2% in the 0 generation to 89% in the 19th generation, when it equaled that of the check. Survival of the 'IR8' colony increased from 56 to 89%. Survival of other colonies after selection was also equal to that of the check.
Nymphal Period. The nymphal period of the 'TN1' colony (23 days) was longest on 'Pankhari 203.' On the other resistant cultivars the nymphal period of the 'TN1' colony ranged from 16 to 18 days. There was a significant decrease in the length of the nymphal period after 19 generations of selection on 'Pankhari 203,' 'IR8,' and 'T APL #796. ' The nymphal period on 'Pankhari 203' decreased from 23 to 15 days. Nymphal period of the 'TNl' colony was short on 'Ptb 8' (16 days) and 'Moddai Karuppan' being 16 (15 days) and did not decrease significantly after selection.
Growth Index. The growth index of the 'TN1' colony was lowest on 'Pankhari 203,' being only 0.1, while it ranged from 3 to 5 on the other cultivars. With selection for 19 generations, the growth index significantly increased on all cultivars. The greatest increase was on 'Pankhari 203,' where the growth index increased from 0.1 in the 'TN1' colony to 5.9 in the colony selected on 'Pankhari 203,' being equal to that of the check. The growth index of all other colonies, except on 'T APL #796,' increased with selection to equal that of the check.
Feeding Activity. Total amount of honeydew excreted by the 'TN1' colony (0 generation) was equal to that of the check only on 'Pankhari 203' and 'Ptb 8.' On the other cultivars, 'IR8,' 'T APL #796,' and 'Moddai Karuppan,' the amount of honeydew excreted was less, being one-half that of the check, and did not increase with 19 generations of selection.
Feeding of the 'TN1' colony in the phloem tis-ENVIRONMENTAL ENTOMOLOCY Vol. 13, no. 4 sue, as indicated by the area of the basic honeydew spots, was much lower on all resistant cultivars than that on 'TN1' (check). On 'Pankhari 203,' area of honeydew spots produced on filter paper was only 10 mm", while in the check the area was 235 mm". With selection the amount of phloem feeding increased on 'Pankhari 203' and 'IR8.' However, in spite of the increase in phloem feeding with selection, it was still only 40% that of the check. There was no increase in phloem feeding with selection on 'Ptb 8,' 'TAPL #796' and 'Moddai Karuppan. ' Tungro Infection. Ability of the 'TN1' colony to infect plants with tungro virus was very low on 'Pankhari 203,' as tungro infection was only 12%, and moderate (42% infection) in 'TAPL #796. There is a high positive correlation between the level of resistance to the vector, N. virescens and the percentage of tungro virus-infected plants in most of the cultivars we have studied (Heinrichs and Rapusas 1983) . It is thus difficult to measure the level of resistance to the virus, because of the 'masking' effect when the cultivar is also resistant to the vector. By selecting a vector biotype that is virulent on a particular cultivar and thus eliminating the insect resistance factor we were able to determine whether a cultivar had resistance to the virus. Using the vector biotype selection technique in this study it was evident that 'Pankhari 203' has resistance to tungro virus.
N. virescens biotype selection occurred on both highly resistant and moderately resistant rice cultivars. The rate of selection on the cultivars with different levels of N. virescens resistance, however, is being determined in a current study.
Within the 19 generation period of selection, N. virescens survival on highly resistant 'Pankhari 203' and the other moderately resistant cultivars increased to a level equal to that on susceptible 'TN1.' However, extent of increase in phloem feeding with selection differed among cultivars. Although there was a significant increase in phloem feeding on 'Pankhari 203' and 'IR8,' there was no increase in the other cultivars. However, extent of phloem feeding on even 'Pankhari 203' and 'IR8' was much less than that of the check. It is apparent that although survival of the selected N. virescens colony was equal to that of the check, rate of selection for feeding in the phloem lagged behind that of survival.
In spite of the ability to select for virulence on resistant cultivars under greenhouse conditions, as reported in this study, N. virescens biotypes have not been reported to be a problem under field conditions in contrast to that of brown planthopper, Nilaparvata lugens biotypes (Paguia et al. 1980) . Although a survey conducted in the Philippines indicated that field-collected populations of N. virescens were more virulent on 'IR8' than populations maintained in the greenhouse on the susceptible cultivar 'TN1,' there was no indication of increased virulence on other cultivars which have for several years been widely grown throughout the Philippines (Rapusas and Heinrichs 1982) . This may be due to the fact, that in contrast to N. lugens, there are alternative hosts other than rice on which N. virescens feeds and thus selection pressure is lower. Also, because the release of 'IR8' (Glh 3 gene) in 1966 several additional cultivars with different genes for N. virescens resistance have been grown. The changing of cultivars may have slowed the biotype selection.
It is of much importance to note that we have not been able to select N. virescens biotypes which are virulent on 'ASD 7' (Glh 2 gene) and 'ASD 8' (Glh 5). The causal mechanism for the stability of these cultivars has not been determined, but if known it would be of great value in the breeding of cultivars with stable resistance to N. virescens.
